Catheterization of the left heart permits sophisticated assessment of the mechanical problem in aortic stenosis. Selection of patients for surgical repair requires an additional judgment regarding the contractile state of the left ventricle. Angiotensin has recently been used to study the function of the unobstructed left ventricle by imposing controlled pressure loads on both compensated and failing human hearts. The present study was designed to determine whether angiotensin might be of value in characterizing left ventricular function in the presence of aortic stenosis. Accordingly, controlled amounts of the drug were infused during transseptal left heart catheterization in 12 patients in whom fixed obstruction to left ventricular outflow was the sole mechanical fault. Observations were made before and during a series of stepwise increments in systemic systolic pressure. 
problem in aortic stenosis. Selection of patients for surgical repair requires an additional judgment regarding the contractile state of the left ventricle. Angiotensin has recently been used to study the function of the unobstructed left ventricle by imposing controlled pressure loads on both compensated and failing human hearts. The present study was designed to determine whether angiotensin might be of value in characterizing left ventricular function in the presence of aortic stenosis. Accordingly, controlled amounts of the drug were infused during transseptal left heart catheterization in 12 patients in whom fixed obstruction to left ventricular outflow was the sole mechanical fault. Observations were made before and during a series of stepwise increments in systemic systolic pressure. The following information was obtained: cardiac rate, stroke volume, peripheral vascular resistance, left ventricular systolic and end-diastolic pressures, brachial arterial systolic and diastolic pressures, aortic gradient, left ventricular stroke work, systolic ejection period, and aortic valve area. Left ventricular function curves were constructed by relating stroke work to diastolic filling pressure. Rises in brachial systolic pressure exceeded rises in left ventricular systolic, regularly diminishing the gradients. Elevations in systemic arterial pressure consistently elevated left ventricular end-diastolic pressure, indicating that angiotensin can be used to impose a pressure load on the left ventricle despite the interposition of fixed obstruction. In an attempt to gain further information on the mechanical and myocardial factors that coexist in aortic stenosis, three types of observations were made regarding the hemodynamic response of the left ventricle to the graded pressure loads: (1) the directional changes in stroke volume accompanying the increments in ventricular stress, (2) the magnitude of the increase in left ventricular systolic pressure accompanying a given increment in diastolic filling pressure, and (3) the relation between ventricular end-diastolic pressure and stroke work (ventricular function curves). Although the individual responses did not uniformly distinguish mechanical from myocardial influences, when stroke volume, left ventricular end-diastolic pressure, and ventricular function curves were taken together, a clearer impression of the behavior of the left ventricle emerged. Such Figure 2 Although the rise in brachial arterial systolic pressure was consistently associated with a rise in the left ventricular systolic, the relative pressure increments were such that the gradient generally decreased.
end-diastolic pressure is shown in figures 5 and 6. The stroke work increased as diastolic filling pressure rose in five patients (R.G., E.G., C.C., H.F., and B.H.) fig. 5 ). In the other seven patients, stroke work remained relatively unchanged or declined ( fig. 6 ).
Discussion
The purpose of the present investigation was to determine the hemodynamic response of the human left ventricle when aortic pressure was raised in the face of fixed orifice aortic stenosis. Angiotensin, a powerful systemic vasoconstrictor,7 has previously been used as a pharmacological means of providing controlled increments in systemic arterial pressure.1 2 The drug is believed to exert relatively little direct effect on the myocardium,2 8 although a positive inotropic influence on mammalian ventricular muscle has been described.9' 10 accompanied by elevations in left ventricular systolic pressure, so that the loading conditions of the ventricle during contraction (afterload ) 13 were increased. In addition, the rise in systemic pressure was generally associated with a rise in left ventricular end-diastolic pressure ( fig. 3) , so that myocardial segment to shed light on these contributions, three types of observations were made regarding the functional reaction of the left ventricle to the graded pressure loads: (1) the directional change in stroke volume accompanying the increments in ventricular stress, (2) the magnitude of the increase in left ventricular systolic pressure accompanying each millimeter of mercury increment in diastolic filling pressure, and (3) the relation between ventricular end-diastolic pressure and stroke work (ventricular function curves).
In the absence of myocardial failure, stroke volume is not materially affected by relatively wide changes in aortic pressure although a decline may follow pressure elevations above a certain level.13 However, the stroke output of the failing heart decreases as aortic pressure rises. Dexter et al.14 concluded that the resting stroke index can be normal in aortic stenosis, even after the advent of cardiac failure. In the present study, five subjects had control stroke volumes of over 40 ml/M2 that rose slightly as diastolic filling pressure Left ventricular function curves in the seven subjects whose stroke work remained relatively unchanged or declined as diastolic filling pressure rose. F.) , with a small orifice, high gradient, and relatively little increase in heart size (tables 1 and 2) maintained a relatively constant stroke volume (fig. 4) . The latter (C.S.), with a comparable orifice size, a relatively small gradient, a large heart, and clinical failure (tables 1 and 2), experienced a fall in stroke volume as diastolic filling pressure rose (fig. 4) .
In the nonfailing heart, an increase in pressure load is likely to be borne without as much rise in left ventricular end-diastolic pressure as a heart with impaired function, which is likely to respond to a comparable pressure load with a larger increment in end-diastolic pressure. XXXV, February 1967 to be made in the compensated human heart. Stroke work was related to filling pressure so that functions curves were constructed for both right and left ventricles. More recently left ventricular performance was evaluated in man by using angiotensin to impose controlled pressure loads on the compensated and failing human heart.2 One purpose of the present study was to determine whether-in the presence of discrete aortic stenosis-increments in systemic arterial pressure positively influenced the ventricular end-diastolic pressure and hence influenced the filling pressurestroke work relation (Frank-Starling principle). The results show that angiotensin does provide a means of inducing graded rises in left ventricular end-diastolic pressure in patients with aortic stenosis (fig. 3 ). When the rises in filling pressure were related to stroke work, ventricular function curves could be drawn in a fashion analogous to the curves constructed for the unobstructed left ventricle.1' 2 It is relevant to question whether these ventricular function curves differentiate the mechanical from the myocardial factors that coexist in aortic stenosis. The following comments are pertinent in this regard. The three patients with mild congenital aortic stenosis (E.G., B.H., and R.G.) wrote normal curves together with patients C.C. and H.F., who had gradients of 75 and 67 mm Hg with relatively small hearts and no clinical signs of cardiac failure ( fig. 5, table 1) . The remaining seven patients ( fig. 6 ) had depressed flat curves with, in four instances (C.S., E.B., M.R., and J.S.), descending limbs. The degree of obstruction in the latter group ranged from moderate to severe and clinical symptoms from none to marked (tables 1 and 2). The relative contributions of mechanical and myocardial failure could not be uniformly separated. Nevertheless, in patient D.S., with a small orifice, a high gradient, a relatively small heart (table 1 and 2), and a flat curve ( fig. 6 ), the primary determinant appeared to be mechanical. In patient C.S., with a comparable orifice size, a much lower gradient, a large heart, and clinical failure (tables 1 
